There is substantial evidence that Ca 2+ fluxes occur during most forms of apoptosis, and that inhibiting such fluxes protects cells from death. IP 3 receptorsligand-gated channels that release Ca 2+ from intracellular stores -are emerging as key sites for regulation by pro-and anti-apoptotic factors.
IP 3 Receptors in Apoptosis
A number of studies have shown that reducing IP 3 receptor expression inhibits apoptosis. For example, DT40 cells (a chicken B lymphoma cell line) in which IP 3 receptor expression was prevented were not only deficient in IP 3 -mediated Ca 2+ signalling, but also substantially resistant to the apoptosis normally induced in response to B-cell receptor activation [5] . Similarly, Jurkat cells with reduced expression of IP 3 receptors showed only a modest activation of caspases 3 and 9 following engagement of the CD3 component of the Tcell receptor [6] . Caspases are aspartate-directed cysteine proteases responsible for a cascade of events that culminate in cell death.
Three IP 3 receptor isoforms have been cloned and splice variants have been described, leading to the possibility that heteromultimeric channels are assembled with distinctive properties relating to their subunit content. At present, it is not clear whether different IP 3 receptor isoforms have an equivalent role in apoptosis. In the studies using DT40 cells, there appeared to be redundancy between different IP 3 receptor isoforms. Cells where all three isoforms were knocked out showed the least death compared to cells missing either a single isoform or pairs of isoforms [5] . In contrast to this, some studies have shown that reduction of either type 1 or type 3 IP 3 receptor abrogates apoptosis. 
How Does

How Are IP 3 Receptors Activated during Apoptosis?
The physiological way of activating IP 3 receptors, of course, is to provoke intracellular production of IP 3 . Natural IP 3 -generating agonists can induce apoptosis under some conditions. In the case of immature B cells, for example, apoptosis can be induced by IP 3 -mediated Ca 2+ signals arising from activation of the B-cell receptor. This is essential to establish immunological self-tolerance. In contrast, with mature B cells, B-cell receptor engagement provokes proliferation and antibody production. In a similar vein, application of an IP 3 -generating agonist to mouse embryonic fibroblasts enhanced apoptosis when it was applied concurrently with a proapoptotic stimulus such as arachidonate [10] .
Recent studies have demonstrated that IP 3 receptors can also be activated during apoptosis independently of the production of IP 3 In an alternative model for IP 3 receptor activation during apoptosis that is not reliant on caspase cleavage, cytochrome C released from mitochondria is suggested to control Ca 2+ movement through IP 3 receptors. Cytochrome C was shown to bind IP 3 receptors and reduce the Ca 2+ -dependent inhibition of channel opening [14] . Within a cell undergoing apoptosis, this generates a positive feedback loop, whereby Ca 2+ stimulates cytochrome C release and vice versa. The significance of this amplification mechanism was demonstrated by expressing a peptide corresponding to the carboxy-terminal portion of IP 3 receptors, where cytochrome C binds: this peptide buffers cytochrome C as it emerges from mitochondria and prevents its interaction with functional IP 3 receptors. As predicted, the carboxy-terminal IP 3 receptor fragment acted in a dominant-negative fashion and substantially reduced both the amplitude of Ca 2+ signals and release of cytochrome C following addition of staurosporine [14] .
These studies all point to a crucial role of IP 3 (Figure 1 ).
